Mono oral honeys (Bupleurum Spinosum) collected from di erent geographical locations of Moroccan Middle Atlas were evaluated for various potential attributes. For physicochemical parameters, the results showed the following values: pH (4.02-4.81); free acidity (12.16-31.85 mEq/kg); lactonic acidity (4.98-14.14 mEq/kg); total acidity (18.37-45.53 mEq/kg); moisture (15.81-19.20%); ash (0.21-0.55); electrical conductivity (427.38-682.16 mS/cm); diastasic activity (10.76-26.01); TSS (80.40-84.20%); melanoidins (0.21-1.15), and Pfund scale (30.47-175.53 mm). Potassium was the most important mineral among the tent evaluated elements, followed by sodium and calcium. All tested samples have high antioxidant activities and correlate with phenols, avonoids, and ascorbic acid content. In regards to safety (sul te-reducing clostridia and Salmonella spp.) and sanitary quality (faecal coliforms), all honey samples were negative. In addition, low counts of yeast and molds were detected, and the values of total aerobic mesophilic bacteria and Bacillus Sp. con rm the good quality of honey. e outcome of this study showed that all samples have good physicochemical properties, high antioxidant activities, and acceptable microbiological state, respecting the quality control criteria set by the international norms.
Introduction
e use of honey by humanity goes back to the most remote times of its history [1] . It is a sweet substance produced by bees on mixing nectar of owers with its hypopharyngeal excretions [2] . Honey is usually composed of 38% fructose, 31% glucose, 17% water, 7% maltose, 1.3% other sugars, and 3.5% various constituents such as minerals, vitamins, enzymes, proteins, phenolic compounds, organic acids, and pigments [3] , and the composition of honey is in uenced by many factors including the nature of soil, weather conditions, butined oral source, and harvest period [4] .
Honey has various pharmacologic properties such as wound healing, antimicrobial activity, anti-in ammatory, antidiabetic, antioxidant, and anti-tumoral e ects. e analysis of bioactive compounds in honey showed the presence of vitamins (E, A, K, B1, B2, B6, C), phenolics, avonoids, amino acids, and fatty acids [5] . Morocco has a oristic nature of vast diversity. Beekeeping is the most bene ted from the wealth of Moroccan ora, with a main annual production estimate between 2500 and 3500 tons of honey [6] . e evaluation of honey quality is a crucial step to guarantee the safety of the consumers, notably to evaluate the good practice of beekeepers in order to draw up relevant strategies focused on the quality of production and standards establishing [7] .
In order to understand the in uence of geographical conditions on the composition and quality of Moroccan mono oral honey, the main objective of this study was to determine the antioxidant capacity, the mineral content, the
Melissopalynological Analysis.
e pollen spectrum in the studied honey samples was determined according to the work of Louveaux et al. [8] . Pollen is concentrated by centrifuging 2 g of honey dissolved in 10 ml of distilled water, examining the sediment, and evaluating it under a microscope. A minimum of 1000 different pollen grains were counted for each honey sample, and the analysis was performed twice. According to Louveaux et al. [8] , the following terms are used for frequency classes: pollen content was classified as predominant pollen (if represents more than 45% of the pollen grains counted), secondary pollen (if represents an amount between 16% and 45% of the pollen grains counted), important minor pollen (if represents an amount between 3% and 15% of the pollen grains counted), and minor pollen (if represents an amount less than 3% of the pollen grains counted).
Physicochemical Analysis.
Electrical conductivity was measured using an electrical conductivity cell of a solution of 20 g dry matter of honey in 100 ml distilled water, and pH was measured using a pH meter (10 g of honey in 100 ml of ultrapure water). e free acidity was obtained by titration of a solution of honey (1 g in 25 ml of ultrapure water) with a solution of sodium hydroxide 0.05 M up to the equivalence point pHe � 8.3. Lactone acidity was obtained by adding 1 ml of the 0.05 M sodium hydroxide solution, followed by titration with 0.05 M hydrochloric acid solution to return to the equivalence point. Ash content was determined after a preliminary ashing of honey sample at a temperature not exceeding 600°C, the weight of ash was measured, water content and total soluble solids were measured using a refractometer, and diastase activity was determined as follows: 2 ml of honey extract (1 g of honey in 1.5 ml of distilled water, 500 μl of acetate buffer pH 5.3, and 300 μl of sodium chloride and then finish line 5 ml with distilled water) and 2 ml of starch solution (add 2 g of starch in 90 ml of distilled water, boil for 3 min, and terminate in the 100 ml line with water) were put in the bath at 40°C. After 15 min, 1 ml of the starch solution was added to that of the extract and the timer started. After 2 minutes, 100 μl of the mixture was taken and added to 1 ml of the iodine solution (add 4 g of iodine potassium to 400 μl of iodine stock and fill up to 100 ml with distilled water) and 4 ml of distilled water. Absorbance was read at 660 nm. For the negative control, the starch solution was added to 2 ml of distilled water. e activity of the diastase was calculated according to the following formula:
where Tx: the time it took the reaction for the absorbance of the blue color to decrease to approximately 0.235 [9] . Color was determined with a spectrophotometer by measuring the absorbance of honey solutions at 635 nm (10 g of honey in 20 mL of distilled water) [10] . e mm Pfund values were obtained using the following formula:
Melanoidins content was estimated based on the browning index by measuring the net absorbance of the honey samples at 450 nm and 720 nm, and the net absorbance was calculated at A450-A720 [11] .
Determination of Mineral Elements. Mineral elements
were obtained by the calcination method using ICP-AES. Briefly, 5 mL of nitric acid 0.1 M was added to the ashes, and the mixture was stirred on a heating plate until the total evaporation of nitric acid. en, 10 mL of the same acid was added and the mixture was made up to 25 mL with ultrapure water, mineral elements were determined using an air/ acetylene flame, and the quantitative determination was carried out after calibrating the instrument using ranges of calibrations of Na, K, Ca, Mg, Fe, Cu, Zn, Ni, Cd, and Pb dissolved in 0.1% lanthanum. All samples were analyzed in triplicate [12] .
Bioactive Compounds and Antioxidant Activities

Total Phenolic Content.
e method of Folin-Ciocalteau described by Bakour et al. [13] was used for the polyphenol quantification, and 5 g of honey was mixed with 10 mL of distilled water. One hundred microliters of this solution was mixed with 500 μL of Folin-Ciocalteau (0.2 N) reagent and 400 μL of sodium carbonate solution. Gallic acid was used as a standard to achieve the calibration curve, and the result was expressed in mg gallic acid equivalent per 100 g sample (mg GA/100 g).
Total Flavonoids Content.
e method described by Bakour et al. [13] was followed for the determination of the flavonoids contents, and 5 g of honey were mixed with 10 mL of distilled water. One hundred microliters of this solution was mixed with sodium nitrite (5%) and 150 μL of Alcl 3 solution (10%), 200 μL of NaOH (1%) 1 M was added after 5 min, and absorbance of the reaction mixture was measured at 510 nm.
e results obtained were expressed as the milligrams of the quercetin equivalent per 100 gram of the sample (mg QE/100 g).
Ascorbic Acid Content.
e method of Nweze et al. was used to quantify the ascorbic acid contents in honey samples [14] ; 5 g of honey was mixed with 10 mL of distilled water, and the following solution was prepared: 1% starch indicator solution, vitamin C standard solution (0.001 g/ml of distilled water), and iodine solution (prepared in a 500 ml beaker by mixing 5 g potassium iodide (KI) and 0.268 g Journal of Food Quality potassium iodate (KIO3) with 200 ml of distilled water; 30 ml of 3 molar sulfuric acid was added into the beaker and diluted with distilled water until 500 ml solution). Standardization of the iodine solution with the vitamin C standard solution was performed by mixing 25 ml of vitamin C solution with 10 drops of 1% starch solution and then titrated against iodine solution until blue-black color was observed. Titrations were repeated in triplicates. e volume of the honey sample used in the titrations was measured, and the concentration of ascorbic acid in mg per 100 g of honey was calculated.
Total Antioxidant
Capacity. e total antioxidant capacity of honey samples was evaluated by the phosphomolybdenum method according to the method described by Bakour et al. [13] , and 5 g of honey was mixed with 10 mL of distilled water. Twenty-five microliters of this solution was mixed with 1 mL of reagent solution (6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate). After 90 min of incubation in a water bath at 95°C, the absorbance of the solution was measured at 695 nm against blank. Ascorbic acid was used as the standard calibration. e results were expressed as milligram of ascorbic acid equivalent per gram of the sample.
Free Radical Scavenging Activity.
e DPPH radical scavenging activity was measured according to the method described by Miguel et al. [15] , and 5 g of honey was mixed with 10 mL of distilled water. Twenty-five microliters of this solution was mixed with 875 μL of DPPH solution (63.4 μM).
e absorbance was read at 517 nm, and the antiradical activity was estimated based on the percentage of DPPH radical scavenged using the following formula:
2.5.6. Microbiological Analysis. In order to examine the microbial contamination in honey samples, the following microorganisms were counted to know the food safety and sanitary quality of honey: fecal coliforms, sulphite-reducing clostridium, yeasts and moulds, aerobic mesophilic bacteria, Salmonella spp., and Bacillus sp. [16] . Honey samples were prepared for testing as follows: 10 g of each sample was dissolved in 90 ml of sterile distilled water, and then a series of dilutions was carried out with sterile distilled water. e protocol of ISO 215-2:2008 was followed to count moulds and yeasts in honeys, and the decimal dilutions of each sample of honey were spread on Petri dishes containing Glucose Chloramphenicol Agar-Biolife as a selective medium. Moulds and yeasts were counted after five days from plate incubation at 22-24°C [17] . Sulphite-reducing clostridia and fecal coliforms were counted following the protocol of ISO 4831:2006 [18] . For Sulphite-reducing clostridia, the initial suspension and the various decimal dilutions were seeded on Petri dishes containing tryptone sulfite cycloserine (Biolife). e counting was carried out subsequently after incubation of the plates in anaerobiosis at 37°C for 20 h. Fecal coliforms were enumerated on Plates containing Violet Red Bile Lactose Agar (VRBLA) after incubation at 44°C for 24 h. Salmonella spp. and Bacillus sp. were analyzed and enumerated following the protocol of ISO 6579:2002(E) [19] . For Bacillus sp, the decimal dilution of each honey sample was seeded on Petri dishes containing a solid selective culture medium (MYP Agar). e counting was carried out after incubation of the plates aerobically at 30°C for 18 to 48 h, while for Salmonella spp. detection, 25 g of the honey sample was mixed with 225 mL of peptone buffered water (Biokar) and incubated at 35°C for 24 h. After that, 1 mL of the incubated mixture was added to a tube containing 10 mL of tetra-thionate broth. A volume of 0.1 mL of pre-enrichment has been added to rappaport broth (Biokar), and the tubes were incubated at 37°C and 41.5°C for 24 h. After this period, a loopful of each selective broth was plated into Petri dishes containing xylose lysine desoxycholate agar. After incubation for 24 h at 37°C, present colonies were biochemically tested on TSI agar (Biokar) and API-20E (Biomerieux). Aerobic mesophilic bacteria were counted using the protocol of Lightfoot and Maier [20] . Standard method agar was used for the quantification of aerobic mesophilic bacteria with an incubation period of 48 h at 35°C. Briefly, 1 ml of each dilution of honey was incorporated into Standard Plate Count Agar (PCA). Aerobic mesophilic bacteria were counted after incubation of the mixture at 30°C for 48 h. Microbial counts were expressed as colony-forming units per gram of honey (cfu·g− 1).
2.6. Statistical Analysis. Graphpad prism 5 was used for statistical analysis, comparisons of honey samples were performed by ANOVA followed by the Tukey test, Pearson correlation coefficient (r) at a significance level of 95% (p < 0.05) was used for determinate the correlations between parameters studied, and the principal component analysis (PCA) was accomplished using Past 3.
Results and Discussions
3.1. Melissopalynological Analysis. Melissopalynological analysis of honey samples ( Table 2) showed that B. spinosum was the most abundant pollen in all honey samples, with percentages ranging from 48% in the honey sample H5 to 77% in the honey sample H3. Following Herrero et al., when the percentage of the most abundant pollen was over 45%, the honey was classified as monofloral [21] .
Physicochemical Analysis.
Physicochemical analyses are summarized in Table 3 . e recorded pH of honey samples was ranged between 4.02 and 4.81, and these values are in the range of Codex Alimentarius Commission Standards [22] . e acid aspect of honey may be due to the presence of aromatic acids, aliphatic acids, and mainly gluconic acid, which is considered as the main organic acid responsible for the acidity of honey [23, 24] . Its presence in honey is especially due to the glucose oxidase activity that bees add during ripening [25] . ese pH variations depend on many factors, in particular, geographic origin and climatic conditions [26] . e difference in pH values can also be due to the presence of nectar from other floral sources in our samples [27] . us, pH could be considered as an essential marker of the honey's geographic origin. e content of lactone in honey samples was between 5.51 mEq/kg (obtained in the sample harvested in 2015) and 14.14 mEq/kg (obtained in the sample harvested in 2016).
ese results are lower than those obtained by Elamine et al. for twelve samples of B. spinosum honey produced in other regions of Morocco (14.00 mEq/kg and 18.50 mEq/kg) [28] . e wide variation of lactonic acidity in honey is mainly attributed to the harvest year and botanical source of secondary nectar [29] .
Free acidity values of all honeys were between 12.16 mEq/kg and 31.85 mEq/kg, and these results were within the permitted range and below the limits fixed by the Codex Alimentarius (<50 mEq/kg) [22] . e total acidity values analyzed in different samples of honey ranged from 18.37 ± 0.67 mEq/kg to 45.53 ± 0.63 mEq/kg, which indicate the absence of undesirable fermentations.
Concerning moisture, honey standards of the Codex Alimentarius [22] and EU Council [30] set the maximum value of this parameter at 20%. Moisture content is a crucial parameter related to the maturity degree of honey [31] . e moisture is associated with the fermentation phenomenon and is important for the conservation of honey and hence its shelf life. In our study, B. spinosum honey samples had a moisture content ranging from 15.81% to 19.60%.
Our results indicate that the ash content in all honey samples was less than 0.6%. e ash content ranged between 0.21% and 0.55%, with the highest value detected in honey from Enjil. ese significant differences reaffirm the importance of soil type, geographical diversity, and edafoclimatic characteristics from where the butined flowers are located [32] , which agrees with data reported by El-Haskoury et al. [33] for monofloral carob honey from different Moroccan regions that showed a strong variation in ash content, ranging between 0.13% and 0.69%. Our results are in accordance with the recommendations of the European Unit Council [30] .
e Electrical conductivity is the ability of a body to allow the passage of electrical current. It depends on the mineral content and acidity of the honey [34] . It is the most useful quality parameter for the classification of monofloral honeys [9] . e electrical conductivity values of our honey samples vary between 427.38 and 682.16 μS/cm, with the lower value referred to the Ribat El-Kheire honey sample and the higher value corresponding to honey sample from the Enjil station. ese values are below the maximum value of 800 μS/cm as specified in Codex Alimentarius and EU Council [22, 30] .
Diastase activity is one of the major indicators of conditioning and storage of honey, and it is used for confirmation of honey freshness [35] . In this study, all honey samples had a higher diastatic activity than the minimum required by the EU Council (8.0 shading units/g) [30] . Nevertheless, it should be noted that a large variability was found among the samples from 10.76 to 22.98 (units of shade/g).
Honey color is an essential indicator that reflects the presence of some components, for instance, terpenes, polyphenols, and carotenoids [10] . In our honey samples, the observed colors ranged from extra white (30, 47 mm Pfund) in honey from Ribat El-Kheire to dark amber (175, 53 mm Pfund) in honey from Enjil, explaining the variability seen Journal of Food Quality amongst the analyzed samples. Melanoidins or Maillard reaction products have been estimated as the difference between the two wavelengths (A560-A720), and they are formed when sugars and amino acids combine [11] . ese results go in hand with the range of color standard designation sited by the United States Standards for Grades of Extracted Honey (USDA) [36] . e values of TSS varies between 80.40 and 84.20%, the sample of Enjil presents the highest value of dry matter (84.2%), while the sample of Ait bazza presents the lowest value (80.4%), and TSS is inversely proportional to the moisture. According to the United States Standards for Grades of Extracted Honey (USDA), if the value of TSS was more than 80%, honey can be considered of high grade and highly stable during storage [36] .
Determination of Mineral Elements.
e mineral content of the honeys studied is indicated in Table 4 . In general, the most representative minerals are potassium, sodium, and calcium, which is in agreement with the study of Aazza et al. [37] . e trace minerals present in our honey samples ranged between 0.75 ± 0.08 mg/kg and 3.07 ± 0.27 mg/kg for iron (Fe), between 1.09 ± 0.07 mg/kg and 4.02 ± 0.19 mg/kg for zinc (Zn), between 0.14 ± 0.04 mg/kg and 1.53 ± 0.04 mg/ kg for copper (Cu), and between 0.03 ± 0.01 mg/kg and 0.13 ± 0.009 mg/kg for Nickel (Ni), and the determination of the mineral content in honey is a useful tool to determine the botanical origin [38] .
ere is no specific legislation on maximum limits for mineral content in honey, and it is not yet considered as a quality parameter of Codex Alimentarius Commission Standards [22] . ese trace elements play different functions within our organism such as second messengers and catalysis of various biochemical reactions [39] . However, heavy metals (Pb and Cd) were not detected in all samples analyzed except H4 from the area of Ribat El-Kheire which showed a low concentration of Cd 0.02 mg/kg, which is included in the range acceptable of EU Legislation (0.05 mg/Kg) [40] . ese results confirm the purity and the quality of our honey samples.
Bioactive Compounds and Antioxidant Activities.
e results of the antioxidant activity are shown in the Table 5 . e dosage of TAA, Phenols, flavonoids, DPPH, and ascorbic acid are important criteria for the evaluation of the nutritional and therapeutic quality of honey [41] . e phenol content of our analyzed samples varies between 85.03 ± 5.78 mg GAE/100 g and 229.54 ± 7.71 mg GAE/100 g from Ribat El-Kheire and Enjil, respectively. ese results are higher than those reported by Bouhlali [43] . In addition to phenols, honey contains other compounds that have a very important antioxidant role such as ascorbic acid. In our samples, the concentration of ascorbic acid varies between 4.53 ± 0.12 mg/100 g and 18.27 ± 0.74 mg/ 100 g. e lowest value corresponds to the station of Ait-Bazza, while the highest value corresponds to the station of El-Mers, which is similar to those reported for monofloral Portuguese honeys of Rosmarinus officinalis, Echium vulgare, and Erica australis [44] and monofloral Burkina Fasan honeys of Acacia and Lannea [45] .
Flavonoids are low-molecular-weight substances which have a large contribution to the antioxidant activity of honey in addition to their aromatic roles [46] . In this study, the flavonoid content ranged from 04.38 ± 0.30 mg QE/100 g to 12.9 ± 0.82 mg QE/100 g and the honey samples from the area of Ait-Bazza had the lowest concentration, while the area of Enjil had the higher concentration. e results obtained are similar to those obtained by Bouhlali et al. in Moroccan monofloral honeys of Carob, Eucalyptus, Harmal, Jujube, Lavender, Orange, Rosemary, and Spurge [42] . e total antioxidant activity of analyzed samples varied from 75.27 ± 3.87 AAE/g to 129.30 ± 9.85 mg·AAE/g, which is higher than that signaled for Moroccan carob honeys [33] .
Regarding free radical scavenging ability (DPPH) of honey samples, the concentration of honey required to inhibit 50% of DPPH varied between 13.54 ± 0.51 mg/mL and 45.34 ± 0.45 mg/mL. e sample of provenance of El-Mers has the highest percentage of inhibition, while the sample of area of Tafajight has the lowest percentage of inhibition. e high radical scavenging activity could be due to its richness of ascorbic acid, phenols, and flavonoids [47] .
ere is a strong relationship between the pollen profile of honey and its content in antioxidant compounds [48] . In our study, we found that honey samples of similar floral origin B. spinosum collected from different localities showed a variation in phenols, flavonoids, ascorbic acid, TAA, and DPPH.
e same results were found by Aazza et al. for monofloral honeys of yme and Jujube [37] . e most likely explanation of these results is the presence of pollen that belongs to secondary floral sources, and that intervenes in the antioxidant activity of honey.
Microbiological Quality.
Despite the high concentration of bioactive compounds in honey, some microorganisms can withstand acidity, high concentration of sugars, and antimicrobial molecules and can survive and grow in honey, which poses a real threat to consumers, especially, immunodepressed people, children, and the elderly.
As shown in the Table 6 , aerobic mesophilic bacteria were present in all honey samples, except in sample H1 (Bouyablane) and ranged from (0 to 45 CFU/g), which is in accordance with the French standards (levels of aerobic mesophilic bacteria below 1000 CFU/g) [49] . ese results are generally lower than that obtained in Moroccan monofloral honeys of ymus broussonetti, and Euphorbia resinifera [25] . e low values of aerobic mesophilic bacteria in our analyzed samples provide information on good beekeeping practices and honey conditioning storage.
Faecal coliforms are indicators of faecal contamination and poor hygienic conditions, and all samples were negative for faecal coliforms count, which suggests the respect of the Journal of Food Quality good practices of harvest and conditioning of the honey, which agrees with data found by Kunová et al. [7] and Iglesias et al. [50] .
Regarding safety, none of the eight honey samples contained sulphite-reducing clostridia, and Salmonella spp. could be attributed to the antibacterial molecules, pH acid, [51] . Regarding moulds and yeasts analysis, our results showed values ranged from 10 to 52 CFU/g. e sample of provenance of Ribat El-Kheire has the highest value, while the samples of area of Bouyablane had the lower. ese results are lower than those reported previously by Feás et al. in artisanal honeys from the Northeast of Portugal. ese results are most probably attributed to the environmental conditions, good practice of beekeepers, and good management of hives [52] . However, Bacillus sp. was ˂10 in all samples, which is lower than that obtained in monofloral (Eucalyptus globulus and Euphorbia resinifera) and multifloral Moroccan honey [25] .
Correlations and Multivariate Analysis.
Honey samples distribution and homogeneity founded on their physicochemical and biochemical parameters were studied using principal component analysis. e outcomes were mentioned in Figure 2 . For Figure 2(a) , the first component explained (53.876%) and represented in its positive part: ascorbic acid, TSS, diastasic acidity, flavonoids, phenols, Pfund, and Melanoidins, while the IC 50 DPPH and Moisture were the dominating parameters in the negative part. e second principal component explained (28.845%) of the given results and represented mainly the free acidity, total acidity, and acidity in the positive part and the pH and electrical conductivity in the negative part. e H2 and H8 honey samples shared the features regarding the bioactive compounds (phenols, flavonoids, and ascorbic acid), ash content, total antioxidant activity, and TSS. ese features are already documented by other workers [37] . e variability of bioactive compounds and mineral elements may be specific to botanical origins. e results of the geographical component of the honey samples have been shown in Figure 2 (b). e given data (mineral elements, electrical conductivity, and ash content) were highly conserved in the first component which explained 42.978% and represented in its positive part: electrical conductivity, Zn, K, Na, Mg, Ca, and Fe. e second component explained 24.659% of the given data and represented ash content and electrical conductivity in the positive part and Ni and Cu in the negative part. Consequently, the first component correlated positively the electrical conductivity and Zn, K, Na, Mg, Ca, and Fe. H5 and H8 were characterized by high K, Na, and Ca content and electrical conductivity. e increase in potassium content in honey samples could be attributed to the botanical origin [37] . e mineral content of honey samples was a potential indicator of its geographical origin, as well as a biomarker of pollution by toxic metals [53] . In this study, the quantitative variability of minerals could be attributed to the soil composition and climatic conditions of each harvesting station. e principal component analysis in the study conducted by Elamine et al. on twelve samples of B. Spinosum honey showed that some samples are similar, even though originated from different geographical regions [28] , whereas in the present study, honey samples of the same floral origin showed a difference in the parameters studied.
Conclusion
Overall, we can conclude that the analyzed honey samples showed variability in their antioxidant contents and physicochemical parameters and the changes in the parameters analyzed seem to be due to the geographical differences, weather, soil composition, or additional floral plant sources. e physicochemical properties and microbiological status of the honeys indicate that the eight samples are in accordance with the international norms, which indicates the good beekeeping practices used by beekeepers during honey harvesting.
e present finding provides new constructive information to apply in the process of honey standardization in Morocco.
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